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(54) Piezoelectric device for actuating an operating element associated thereto 



(57) A piezoelectric device for actuating an operat- 
ing element operatively associated thereto, comprising: 

a first structural element which moves under the ac- 
tion of a stress or forces applied thereon, and first 
piezoelectric means which are operatively coupled 
to the first structural element so as to deform and 
produce an electrical signal in response to its move- 
ment; 



second piezoelectric means operatively coupled to 
a second structural element; and 
conducting means for electrically coupling the first 
piezoelectric means to the second piezoelectric 
means; the second piezoelectric means receiving 
the electric signal and deforming so as to determine 
a movement of the second structural element and 
the consequent actuation of the operating element. 
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Description 

[0001 ] The present invention relates to a piezoelectric 
device for actuating an operating element operatively 
associated thereto. 

[0002] It is well-known in the art the use of controlling 
devices which are devised to control the functioning of 
technical systems to which they are coupled, such as 
electrical or hydraulic networks, plants, operating ma- 
chines, apparatuses or components et cetera, and to 
prevent, or at least to minimize, technical problems 
which may occur during their service and can affect their 
performances, lead to malfunctioning or even to break- 
down. 

[0003] These controlling devices are basically com- 
posed of three parts: a first part comprising a sensor that 
checks one or more parameters, which are indicative of 
the proper functioning of the system, and outputs sig- 
nals representing the values of the parameters checked; 
a second part comprising a control circuit which proc- 
esses the signals received from the sensor, compares 
them with predetermined threshold values and, if nec- 
essary, outputs an operating command; a third part 
comprising actuating means which, on the basis of the 
operating command sent by the control circuit, intervene 
operatively on the system. For example, these interven- 
tions may result in the disconnection of some parts of 
an electric network, switching on/off of apparatuses or 
components, opening/closing of ducts, actuation of kin- 
ematic chains et cetera. 

[0004] At the present state of the art, known devices, 
although they are quite satisfying in applications, still 
present some drawbacks and disadvantages. 
[0005] In particular, one of the most critical aspects of 
known devices resides in the fact that the control circuit 
introduces significant time delays in the transmission of 
signals from the sensor to the actuating means. These 
time delays have a negative impact on the promptness 
of operations, cause late interventions, and definitely re- 
duce the quality and effectiveness of the devices them- 
selves. Furthermore, the control circuit, which generally 
comprises several electronic and/or electric compo- 
nents, may be constructively sophisticated, is per se ex- 
pensive, and needs a dedicated source of power, thus 
increasing the design and production costs. 
[0006] In addition, also actuating means usually have 
a large and complex structure in comparison with the 
sensors, they can require the use of cumbersome and 
heavy components depending on the applications, and 
are economically expensive; moreover, in many cases, 
both sensors and actuating means need a specific 
source of power supplying. 

[0007] Finally, another disadvantage of known devic- 
es which should not be overlooked consists of the fact 
that, in case of long distance transmissions between the 
sensor and the actuating means, and since the power 
required for their functioning is significant, the signals 
transmitted can be strongly attenuated or even lost; al- 



ternatively, in order to reduce the attenuation of the sig- 
nals, it is necessary to increase the energy supplied to 
the device. 

[0008] The main aim of the present invention is to pro- 
5 vide a device for actuating an operating element oper- 
atively associated thereto, which allows to overcome the 
drawbacks and disadvantages of the prior art, and in 
particular, to drastically reduce the time delay in the 
transmission of signals from the sensor to the actuating 
means. 

[0009] Within the scope of this aim, an object of the 
present invention is to provide a device for actuating an 
operating element operatively associated thereto, 
whose operative interventions are faster and prompter 
in comparison with those of prior art devices. 
[0010] Another object of the present invention is to 
provide a device for actuating an operating element op- 
eratively associated thereto, which allows to prevent, or 
at least to minimize, the attenuation of the signals trans- 
mitted, even in case of long distance transmissions. 
[0011] A further object of the present invention is to 
provide a device for actuating an operating element op- 
eratively associated thereto, which allows to reduce the 
amount of energy required for its functioning and there- 
fore to eliminate or at least to reduce, the use of addi- 
tional and dedicated source of power supplying. 
[0012] Yet a further object of the present invention is 
to provide a device for actuating an operating element 
operatively associated thereto, which has a simplified 
structure in comparison with prior art devices, which al- 
lows to avoid the use of cumbersome and heavy com- 
ponents and to reduce design and production costs. 
[0013] Another object of the present invention is to 
provide a device for actuating an operating element op- 
eratively associated thereto, which is highly reliable, rel- 
atively easy to manufacture and at competitive costs. 
[0014] This aim, these objects and others which will 
become apparent hereinafter are achieved by a piezo- 
electric device for actuating an operating element oper- 
atively associated thereto, characterized in that it com- 
prises: 

a first structural element which moves under the ac- 
tion of a stress or forces applied thereon, and first 
piezoelectric means which are operatively coupled 
to said first structural element so as to deform and 
produce an electrical signal in response to its move- 
ment; 

second piezoelectric means operatively coupled to 
a second structural element; and 
conducting means for electrically coupling said first 
piezoelectric means to said second piezoelectric 
means; the second piezoelectric means receiving 
said electric signal and deforming so as to deter- 
mine a movement of the second structural element 
and the consequent actuation of said operating el- 
ement. 
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[0015] The device according to the invention allows 
to completely avoid the use of a control circuit; as a re- 
sult, the time delay in the transmission of signals from 
the sensor, which is constituted by the coupling first 
structural element-first piezoelectric means, to the ac- 
tuating means, which are represented by the coupling 
second structural element-second piezoelectric means, 
is drastically reduced. 

[0016] Further characteristics and advantages of the 
present invention will become apparent from the follow- 
ing description of preferred but not exclusive embodi- 
ments illustrated only by way of non-limitative example 
with the accompanying drawing of Figure 1 which sche- 
matically shows a side view of a possible embodiment 
of the device according to the invention. 
[0017] With reference to figure 1 , the piezoelectric de- 
vice according to the invention, indicated by the refer- 
ence numeral 100, comprises a first structural element 
1 which moves under the action of a stress or forces 2 
applied thereon; as illustrated in figure 1 , the first struc- 
tural element 1 can be constituted by a thin metallic lam- 
ina, while the stress or forces 2 may be due to various 
causes. For example, the stress 2 could be a mechan- 
ical stress, caused for example by a fluid which exerts 
a pressure on the lamina 1 , or a thermal stress which 
causes its thermal deformation; forces may be due to a 
mechanical action exerted on the element 1 by an op- 
erator, et cetera. 

[0018] First piezoelectric means 3 are operatively 
coupled to the first structural element 1 so as to deform 
and produce an electrical signal in response to its de- 
formation; in particular, in orderto maximize the amount 
of energy which can be extracted from the deformation 
of the element 1 and transformed into electrical energy, 
the first piezoelectric means comprise a piezoelectric 
material at high energy gain. Preferably said first piezo- 
electric means 3 comprise at least one layer of a ceramic 
piezoelectric material in a bimorph configuration, such 
as a barium or a lead zirconate titanate (PZT) piezoe- 
lectric compound, which is fixed on at least a part of one 
surface of the lamina 1 . 

[0019] Advantageously, the piezoelectric device 100 
comprises second piezoelectric means 4 which are op- 
eratively coupled to a second structural element 5; pref- 
erably, the second structural element 5 is constituted by 
a bistable metallic lamina; according to the applications 
and/or specific needs, also the first structural element 1 
can be formed by a bistable metallic lamina. 
[0020] According to a preferred embodiment, also the 
second piezoelectric means 4 comprise at least one lay- 
er of a ceramic piezoelectric material in a bimorph con- 
figuration, such as a barium or a lead zirconate titanate 
(PZT) piezoelectric compound, which is fixed on at least 
a part of one surface of the lamina 5. 
[0021] Fixing of the layers 3 and 4 to the correspond- 
ing surfaces of laminas 1 and 5 can be realized by any 
suitable technique, for example by gluing with adhesive 
materials, such as epoxy resins. 



[0022] Alternatively, and depending on the applica- 
tions, the first and second piezoelectric means 3 and 4 
may comprise one or more layers of an inorganic crystal 
piezoelectric material, such as quartz and barium titan- 

5 ate, or of an organic polymer piezoelectric material, 
such as polyvinylidene fluoride (PVDF), polyvinyl fluo- 
ride or polyvinyl chloride, which exhibit piezoelectric 
properties when properly treated. For example, organic 
polymer piezoelectric materials, thanks to the fact that 

10 they can be easily formed into thin films, could be ad- 
vantageously used when the device must have a struc- 
tural flexibility. 

[0023] Furthermore, according to various and ex- 
tremely flexible solutions, the layers of piezoelectric ma- 
ts terial can be fixed to the corresponding structural ele- 
ment in many different configurations; for example, it is 
possible to use only one layer of material which is as- 
sociated to a portion of the structural element, or a plu- 
rality of pieces which are placed side by side or are ar- 
ranged in a patch configuration, or a plurality of layers 
which are positioned in a stack configuration. These 
configurations can be also realized on different surfaces 
of the structural elements; for example, in case of the 
laminas 1 and 5, it is possible to provide two layers of 
piezoelectric material each of which is fixed to a corre- 
sponding face of the metallic lamina with the lamina in- 
terposed therebetween. In addition, some layers of dif- 
ferent piezoelectric materials can be simultaneously or 
interchangeably used. 

[0024] The device 100 is provided with conducting 
means 6 which electrically couple the first piezoelectric 
means 3 to the second piezoelectric means 4; according 
to a preferred embodiment and with a solution which is 
functionally effective, structurally simple and economi- 
cally inexpensive, the conducting means 6 are consist- 
ed by a couple of conducting wires 6 whose ends are 
fixed to the first p iezoelectric means 3 and to the second 
piezoelectric means 4, respectively. 
[0025] In this way, in the presence of a stress or forces 
2 which act on the first lamina 1 and cause its move- 
ment, the first piezoelectric means 3 deform and pro- 
duce an electrical signal; this electrical signal is sup- 
plied, by means of the conducting wires 6, to the second 
piezoelectric means 4 which, in turn, deform so as to 
determine a movement of the second lamina 5 and the 
consequent actuation of an operating element 7 opera- 
tively coupled thereto. This operating element 7 can be 
for example, an element of a kinematic chain, an electric 
contact, a laser beam whose path, following the move- 
ment of the lamina 5, is changed so as to determine a 
subsequent operation, an element which diverts the flow 
of a fluid, et cetera. 

[0026] In particular, if the second lamina 5 is a bistable 
lamina, it moves from a first stable equilibrium position, 
represented with a continuos line in figure 1 , to a second 
stable equilibrium position, indicated in figure 1 with a 
dashed line; also the first structural element can move 
in the same way, if it is constituted by a bistable lamina. 
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I n this way, the energy delivered by the lamina 5 is high- 
er than the activation energy provided by the wires 6; 
moreover, actuating operations are precisely repeatable 
and the reset of the device is accurate. 
[0027] In practice it has been observed that the device 
according to the invention fully achieves the intended 
aim and objects, and gives many significant advantages 
in comparison with prior art devices; in fact, in the device 
according to the invention, the use of a control circuit is 
prevented and the time delay, for transmitting signals 
from the sensing part to the actuating one is drastically 
reduced. As a consequence, the device 100 is charac- 
terized by very short response times which are much 
shorter than those of prior art devices unless they use 
a suitable electronic control circuit. It has in fact been 
found that the response time can be less than 3 milli- 
second; response time is defined as the time elapsing 
between when the stress or force 2 is applied on the first 
structural element 1 and when the second element 5 ac- 
tuates the operating element 7. 
[0028] in addition, the conducting wires 6 constitute a 
substantially passive electric circuit, i.e. a circuit which 
does not include any active component that requires a 
dedicated power supplying; moreover, also the sensor 
and actuator components, which are formed by the cou- 
pling first structural element-first piezoelectric means 
and second structural element-second piezoelectric 
means, respectively, do not require any dedicated pow- 
er supply source. I n this way, the energy required for the 
functioning of the whole device is low and the attenua- 
tion of the signals transmitted is significantly reduced, 
even in case of long distance transmissions; further- 
more, sensor and actuating means are based on the 
same kind of components, with a reduced number of el- 
ements and according to a constructive solution which 
is simple and effective, thus allowing to reduce the pro- 
duction costs and to ease the design steps. 
[0029] Another advantage that should not be over- 
looked resides in the fact that the device according to 
the invention, thanks to its structure, is suitable for being 
used in a wide range of applications, such as current 
interruption devices, valves, remote control devices, au- 
tomation systems, et cetera. In case of current interrup- 
tion devices or valves for example, the laminas 1 and 5 
could be simply fixed at their ends, to the case of the 
current interruption device or to a wall of the valve. 
[0030] In addition, by suitably designing the first and 
second structural elements, and the configuration of the 
piezoelectric means associated therewith, it is possible 
to precisely tune the reference threshold at which the 
device must intervene. 

[0031] The piezoelectric device thus conceived is 
susceptible of numerous modifications and variations, 
all of which are within the scope of the-inventive con- 
cept; all the details may also be replaced with other tech- 
nically equivalent elements. 

[0032] In practice, the materials employed, so long as 
they are compatible with the specific use, as well as the 



dimensions, may be any according to requirements and 
to the state of the art. 



5 Claims 

1 . A piezoelectric device for actuating an operating el- 
ement operatively associated thereto, character- 
ized in that it comprises: 

10 

a first structural element which moves under 
the action of a stress or forces applied thereon, 
and first piezoelectric means which are opera- 
tively coupled to said first structural element so 

15 as to deform and produce an electrical signal 

in response to its movement; 
second piezoelectric means operatively cou- 
pled to a second structural element; and 
conducting means for electrically coupling said 

20 first piezoelectric means to said second piezo- 

electric means; the second piezoelectric 
means receiving said electric signal and de- 
forming so as to determine a movement of the 
second structural element and the consequent 

25 actuation of said operating element. 

2. Piezoelectric device according to claim 1 charac- 
terized in that said second structural element is a 
bistable element movable from a first stable equi- 

30 librium position to a second stable equilibrium posi- 
tion. 

3. Piezoelectric device according to one or more of the 
preceding claims characterized in that said con- 

35 ducting means comprise a substantially passive 
electric circuit. 

4. Piezoelectric device according to claim 3 charac- 
terized in that said passive electric circuit compris- 

40 es two electrical wires whose ends are fixed to the 
first piezoelectric means and to the second piezoe- 
lectric means. 

5. Piezoelectric device according to one or more of the 
45 preceding claims characterized in that said first pi- 
ezoelectric means comprise at least one layer of pi- 
ezoelectric material fixed to the first structural ele- 
ment. 

50 6. Piezoelectric device according to one or more of the 
preceding claims characterized in that said sec- 
ond piezoelectric means comprise at least one layer 
of piezoelectric material fixed to the second struc- 
tural element. 

55 

7. Piezoelectric device according to claims 5 and 6 
characterized in that said at least one layer of pi- 
ezoelectric material comprises a ceramic piezoe- 
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lectric material, or an inorganic crystal piezoelectric 
material, or an organic polymer piezoelectric mate- 
rial. 

8. Piezoelectric device according to claim 6 charac- 5 
terized in that said first piezoelectric means com- 
prises a piezoelectric material at high energy gain. 

9. Piezoelectric device according to one or more of the 
preceding claims characterized in that the re- 10 
sponse time, defined as the time elapsing between 
when the stress is applied on the first structural el- 
ement and when the second element actuates the 
operating element is less than 3 ms. 

15 

10. Piezoelectric device according to one or more of the 
preceding claims characterized in that said first 
structural element is a bistable element movable 
from a first stable equilibrium position to a second 
stable equilibrium position. 20 

11 . Current interruption device characterized in that it 

comprises a piezoelectric device according to one 
or more of the preceding claims. 



12. A valve for opening/closing a pipe operatively cou- 
pled therewith, characterized in that it comprises 
a piezoelectric device according to one or more of 
the claims from 1 to 10. 
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